Experimental fasting has been shown to alter the sleepwakefulness pattern in various species. As fasting during Ramadan is distinct from experimental fasting, the physiological and behavioural changes occurring during Ramadan fasting may differ from those occurring during experimental fasting. There has been increased interest in recent years in sleep changes and daytime sleepiness during Ramadan. Moreover, many of those who fast during Ramadan associate this fasting with increased daytime sleepiness and decreased performance. This raises the question of whether Ramadan fasting affects sleep. In this review, we discuss the findings of research conducted to assess changes in sleep pattern, chronobiology, circadian rhythms, daytime sleepiness and function and sleep architecture during the month of Ramadan. Where applicable, these findings are compared with those obtained during experimental fasting.
Voluntary fasting, or the abstinence from food or drink or both, is practiced in many of the world's religions and cultures. Fasting during the holy month of Ramadan is the fourth pillar of Islam, and about 1.5 billion Muslims worldwide (1,2) fast during Ramadan every year.
Researchers have long recognised that experimental fasting alters the sleep-wakefulness pattern in various species. For example, food deprivation has been shown to increase wakefulness and to markedly reduce rapid eye movement (REM) sleep (3) (4) (5) . The results of experimental fasting, however, cannot be extrapolated to Ramadan fasting. In experimental fasting, the duration of each fasting episode is usually more prolonged than the intermittent fasting during Ramadan. Moreover, Ramadan fasting has unique characteristics. During every day of the month of Ramadan, Muslims abstain from food, drink and smoking between dawn and sunset. Sleep and wake patterns during Ramadan could be affected by the behavioural restrictions and regime imposed by the discipline of holy month.
The months in the Islamic (Hijra) year follow the lunar system. Each Hijra year contains 354 days, or 11 days fewer than the Gregorian year. As a result, the month of Ramadan occurs 11 days earlier every year, which means that Ramadan occurs during a different season every 9 years. The season during which Ramadan occurs affects the duration of each fast, because fasting hours are longer in summer than in winter. This, in turn, may affect sleep patterns, due to factors such as shorter nights and earlier dawns. In addition, climate may affect sleep. During the hot summer, many people resort to napping in the middle of the day, which may influence night sleep. Moreover, the geographical location may affect the duration of fasting. As one moves further from the equator, daytime becomes longer in summer and shorter in winter. Therefore, when studying sleep patterns during Ramadan, it is important to document the time of year, the location of the study and the times of dawn and sunset.
Several other features distinguish Ramadan fasting, including the sudden change in the circadian pattern of eating, whereby caloric intake increases at night, and the long duration of this practice (1 month), which may allow adaptation to the new regimen. In addition, there are changes in daynight activity patterns, such as rising for the predawn meal (suhur) and prayer, as well as attendant changes in lifestyle and habits that occur during Ramadan in some Islamic countries, such as opening of stores and shopping malls until late at night. All these factors indicate that the physiological and behavioural changes occurring during the month of Ramadan may be different from those in experimental fasting (6) .
In Islamic countries, many individuals who fast associate Ramadan fasting with increased daytime sleepiness and decreased performance. This raises the question whether Ramadan fasting affects sleep. Although this question has attracted the attention of researchers in the past few years, to our knowledge, there has been no review of medical data addressing the question of sleep during Ramadan. We have therefore reviewed the findings of research conducted to assess changes in sleep pattern, chronobiology, circadian rhythms, daytime sleepiness and function and sleep architecture during the month of Ramadan. Where applicable, these results have been compared with those obtained during experimental fasting. References included in this article were obtained from journals on Medline as well as other peer review journals posted on the Internet.
S L E E P P A T T E R N
In some Islamic countries, working hours during Ramadan are shorter for those who fast. In such countries, fasting individuals are allowed to start work at 09:00-10:00 instead of the usual 07:00-08:00, a change which may affect sleep patterns. Therefore, it is important to report the working hours of the studied group, as this may affect the times they go to bed and wake up.
Surveys of sleep patterns during Ramadan have used different methods to assess bedtime, wake-up time, nighttime sleep duration and nap time and duration (7) (8) (9) (10) (11) (12) . Some of these surveys used a sleep diary, in which each participant recorded his or her bedtime, wake-up time, nighttime sleep duration and nap duration every day (7, 10, 12) . Mean values of these variables were then calculated for each participant. Other surveys required each participant to state the above variables the night before and during the preceding day (8, 9) . All of these studies, conducted in three Islamic countries, consistently reported sudden significant delays in bedtime and wake-up time (Table 1) . Interestingly, the delay in bedtime during Ramadan was reported even by non-Muslim residents in Saudi Arabia (KSA) (10) . The delays in bedtime and wake-up time during Ramadan reported by fasting individuals in Islamic countries may be partially due to the delay in starting work during the month of Ramadan.
For nonfasting individuals, the time of starting work does not change; however, even for these individuals, bedtime is significantly delayed during Ramadan (10) . These findings indicate that other factors may affect bedtime during Ramadan, including the delayed working hours for stores, shopping malls, and restaurants and the broadcasting of interesting TV programs until late at night. More than 60% of fasting individuals who stayed awake after 23:00 attributed their wakefulness to socialising with families and friends and watching TV (7, 10) .
Conflicting results have been reported regarding sleep duration during Ramadan. When assessing sleep duration, however, it is important to include both nighttime sleep duration and daytime naps. In a sample of university students in Morocco, nighttime sleep duration was reported to drop significantly during Ramadan (8) . A significant reduction in nighttime sleep duration during Ramadan was also observed in a sample of medical students in the United Arab Emirates, but this reduction was ameliorated by increasing the duration of daytime naps (9) . In KSA, however, surveys of medical students (7) and employed healthy nonsmokers (10) between the ages of 25 and 55 years found no significant changes in nighttime sleep duration and total sleep time during the first and third weeks of Ramadan when compared with baseline (BL) values. While these studies of medical students and healthy workers (7, 10) found no significant change in the duration of naps or the percentage of subjects who napped before and during Ramadan, another study in university students in Morocco found a decrease in nap duration during Ramadan (8) . Differences among the findings of these studies may be due to cultural and lifestyle differences in the study countries, for example, the start times of schools and work are delayed during Ramadan in some Islamic countries but not in others. Moreover, many of these studies (7-9) examined university students, a group of subjects prone to psychological and physical stresses due to the transitional nature of college life (13) .
In summary, studies have demonstrated several modifications in sleep patterns during Ramadan, including sudden and significant delays in bedtime and wake-up time. However, conflicting results have been reported regarding total sleep time. Thus, larger scale studies, with reliable assessment of total sleep time among fasting individuals in Islamic and non-Islamic countries during Ramadan, are needed.
C I R C A D I A N R H Y T H M
Some of the changes associated with Ramadan may have some impact on the circadian rhythms and biological clock of individuals during that month. Those who fast during Ramadan usually eat 2-3 meals per day: breakfast at sunset, dinner after night prayer (17:00-20:00) and a predawn meal. The eating of meals exclusively at night may therefore affect circadian rhythms during the fast. Body temperature normally follows a circadian rhythm, rising during the day and falling at night. In general, a falling body temperature induces sleep, whereas a rising temperature provokes wakefulness (7) . When a rectal thermistor probe was used to record body temperature continuously for 24 h in six subjects during Ramadan, delays were observed in the occurrence of acrophase and bathyphase (i.e. the times at which the maximum-and minimum-calculated values, respectively, occur in the cycle), as well as a reduction in the amplitude (11) . Another study of fasting during Ramadan found that oral temperature significantly decreased at 09:00, 11:00, 13:00 and 16:00 and significantly increased at 23:00 and 00:00 h (14) . Similar changes in body temperature were not observed in another study that measured oral temperature using a high-precision medical thermometer at 08:00, 16:00 and 00:00 during the first and third weeks of Ramadan (12) . Melatonin is considered to be one of the best markers for circadian rhythm disruption (14, 15) , as individual melatonin profiles are highly reproducible and are less subject to masking factors than are other rhythm markers like core temperature and cortisol (16) . Thus, changes in the circadian pattern of body temperature during Ramadan may be accompanied by alterations in the circadian pattern of secretion of this hormone. In an assessment of melatonin levels from blood samples obtained every 4 h, omitting the 02:00 point to avoid any sleep disturbances, before and on the 23rd day of Ramadan, a smaller delayed night peak and a flatter slope of serum concentrations of melatonin were observed during Ramadan (17) . Using saliva samples obtained at three time points over a 24-h period (08:00,16:00 and 00:00), one week before Ramadan and on the 7th and 21st days of Ramadan, there were significant decreases in melatonin concentrations at 00:00 and 16:00 during Ramadan relative to BL (12) . Nevertheless, melatonin profiles showed the same trend during Ramadan, but with a flatter slope (Fig. 1) . In both studies, however, melatonin concentrations were not measured late at night, thus omitting any late peaks in melatonin concentration. Therefore, future studies should measure melatonin concentrations more frequently after midnight.
Melatonin concentration has been reported to decrease during fasting, even during short-term experimental fasting (18, 19) . Although the exact mechanisms underlying the reduced levels of melatonin during fasting are not known, proposed mechanisms include increases in nocturnal cortisol levels during Ramadan (20, 21) and decreased melatonin synthesis secondary to decreased glucose provision (22) . In support of the latter, malnourished rats have been found to have less melatonin in the pineal gland than normally fed animals, an effect attributed to mild hypoglycaemia, which reduces the level of N-acetyltransferase, an enzyme involved in the synthesis of melatonin, in starving rats (23) . In fasting individuals, reduced melatonin level was found to be associated with mild hypoglycaemia, whereas glucose supplementation during fasting returned the decreased melatonin level to normal (19) . This, however, may not explain the decreased melatonin level observed during Ramadan fasting, as hypoglycaemia is thought not to occur in fasting healthy individuals during the holy month (6) . Another hypothesis proposed to explain reduced melatonin levels during fasting is the reduction in tryptophan, which is both an essential amino acid and a precursor of melatonin. This is unlikely, however, because glucose supplementation restored normal melatonin secretion (19) .
Another way to assess circadian rhythms is to assess the chronobiology of fasting individuals. When we measured chronotype in fasting and nonfasting individuals using an abridged version of the Horne and Ö stberg questionnaire (morningness ⁄ eveningness test) (a questionnaire that establishes three behavioural categories: morning type, neither type and evening type) (10,24), we observed a trend towards an increase in evening types among fasting individuals, both at the beginning and the end of Ramadan compared with BL. Similar findings were observed in fasting Muslims in Morocco (8) . Interestingly, a change in chronotype was demonstrated in nonfasting non-Muslim residents in KSA during Ramadan (10) . Among these individuals, there was a trend towards an increase in noon types and a decrease in morning types at both the beginning and end of Ramadan when compared with BL.
In summary, changes in the circadian rhythm and chronobiology have been demonstrated in fasting individuals during Ramadan. This is manifested as a change in the circadian pattern of body temperature, a decrease in the amplitude of the melatonin rhythm and a nocturnal increase in cortisol level.
D A Y T I M E F U N C T I O N A N D S L E E P I N E S S Daytime Sleepiness and Alertness
Studies have assessed daytime sleepiness subjectively (7-10, 12,25) using the Epworth sleepiness scale (ESS), which is a validated reliable sleep questionnaire that measures the general level of daytime sleepiness (26), and objectively using the multiple sleep latency test (MSLT) (12, 25) , with the latter test used to determine mean sleep latency during standardised daytime naps as an objective measure of daytime sleepiness; the presence ⁄ absence of REM sleep during the naps is also determined. Although some studies using the ESS have reported a significant increase in daytime sleepiness during the entire month of Ramadan (7, 8) , others found no significant change (9, 10, 12) . When subjective alertness was assessed during Ramadan using a visual analogue scale, decreases in alertness were observed at 09:00 and 16:00, whereas an increase was observed at 23:00 (14) . Other studies that used a 24-h time scale to determine the time of the day at which each participant felt most alert and most sleepy showed no differences between BL and Ramadan ( Fig. 2;  7,10 ). These studies, however, recruited different groups of volunteers, with some including medical and university students, who may have had irregular sleep habits or a shortening of mean sleep length due to life constraints. Two objective studies used the MSLT to evaluate sleepiness under controlled conditions (12, 25) . Because all participants had to be studied within a limited time (the month of Ramadan), there were constraints on the number of recruited volunteers, with each study including only eight subjects. In one study, increased daytime sleepiness at 10:00 and 12:00 was reported towards the end of Ramadan (25) . However, this study used a portable, at home polysomnographyrecording device, which forced the operator to program the computer to end the test 20 min after the beginning of recording, regardless of sleep onset. Therefore, none of the participants slept long enough to progress to REM sleep. In the other study (12) , a standard MSLT (27) was performed in the sleep laboratory, avoiding the limitation of the previous study. No differences in sleep latency, sleep onset Figure 2 A) Time of the day when subjects felt most sleepy before and during the first 3 weeks of Ramadan. B) Time of the day when subjects felt most alert before and during the first 3 weeks of Ramadan. (BL, baseline data; R1, first week of Ramadan; R2, second week of Ramadan; R3, third week of Ramadan) (7). Reproduced with permission frequency and wake efficiency were observed between the first and third weeks of Ramadan and BL (12) . Delta or slow wave activity during non-REM (NREM) sleep is considered a classic marker of the homeostatic process. In contrast, high levels of electro-encephalographic (EEG) alpha activity during wakefulness and NREM sleep may indicate a high level of alertness (28) . Spectral analysis of the EEG activity during each nap showed no differences between Ramadan and BL (12) .
Daytime Function
Daytime function during Ramadan has yet to be assessed properly under controlled conditions. During the first week of Ramadan, psychomotor performance indicators such as critical flicker fusion (29) and choice reaction time (14) have been reported to be impaired. The latter of these studies also found that sleep duration during Ramadan was 1 h less than BL (14) . Even this modest sleep restriction may impact on daytime sleepiness and functioning (30) . The percentage of medical students who reported falling asleep in class increased from 15% at BL to 36% during the first week of Ramadan (7). However, sleep deprivation or disruption cannot be ruled out as possible confounders in previous studies, as the participants' sleep duration and quality were not assessed objectively before and during Ramadan. An experimental study of individuals subjected to 1 week of controlled underfeeding and whose sleep was monitored by polysomnography found that during fasting, the study subjects showed increased daytime energy, concentration and emotional balance (18) . Another study found a decrease in mood rating during Ramadan (14) , but a second study did not observe this effect (31) . Given that sudden delays in bedtime have been associated with adverse mood changes resembling those of depression (32, 33) , the effect on mood of the sudden delay in bedtime during Ramadan requires further assessment. Although the percentage of subjects who exercise regularly dropped from 24% before Ramadan to 5% at the end of Ramadan (7), the reason for this decline is not clear.
In summary, the notion that Ramadan fasting affects daytime sleepiness and functioning is not supported by the available data. More research is needed to elucidate this issue, while controlling for potential confounders like sleep deprivation. Researchers should also remember that fatigue and alertness do not always parallel sleepiness (34) . Sleepiness, alertness and fatigue may be symptoms of poor sleep, but testing by independent evaluations is required.
P O L Y S O M N O G R A P H Y A N D S L E E P A R C H I T E C T U R E
Two studies have assessed sleep architecture during Ramadan using polysomnography: one used ambulatory 8-channel unattended recording at home (11) , and the second used full attended in-laboratory polysomnographic recording (12) ( Table 2 ). Both studies demonstrated a significant reduction in REM sleep towards the end of Ramadan, which contrasts with findings of increased REM sleep during experimental fasting in humans (18) . However, the fasting pattern in the experimental study was controlled underfeeding rather than intermittent fasting. An experimental study conducted on piglets demonstrated that REM sleep did not occur after 18 h of fasting but recurred after feeding (35) . The reduction in REM sleep during fasting may be due to a nocturnal rise in cortisol and insulin (36) (37) (38) . Nocturnal body temperature has been reported to increase during sleep (11, 14) . Because REM sleep is inversely proportional to core temperature (39, 40) , a nocturnal increase in temperature would be expected to decrease REM sleep (41, 42) . Another possible explanation for the reduction in REM sleep during Ramadan is the interruption of sleep for the predawn meal during the early morning hours, the time period in which a larger amount of REM sleep usually occurs.
Conflicting results have been reported with regard to sleep latency and total sleep time. While one study reported a significant drop in sleep latency at the end of Ramadan and no change in total sleep time (12), a second study (11) reported a significant increase in sleep latency and a significant reduction in total sleep time. The discrepancy between these results may be due to the amounts of time between dinner and bedtime. In one study (11) , the difference between dinnertime and bedtime was 1 h (dinner was served at 22:30 and polysomnographic recording started at 23:30), whereas, in the second study (12) , the difference was 3 h (dinner was served at 21:00 and recording started at 00:00). Because late dinner may affect nocturnal sleep, future research should consider the relation between dinnertime during Ramadan and nocturnal sleep. No significant differences were demonstrated between Ramadan and BL with regard to NREM sleep stages, arousal index, stage shifts and cardio-respiratory parameters (12) . Using an experimental model of fasting, significant reductions were observed in the number of arousals and arousal index, as well as a significant reduction in periodic leg movement (PLM) during fasting (18) . Although no differences in PLM before and during Ramadan have been reported (12) , the mean PLM in the latter (12) was not high compared with that in the former (18) .
In summary, a reduction in the proportion of REM sleep has been reported during Ramadan, although these studies have shown conflicting results with regard to sleep latency and total sleep time. Larger studies that control for different confounders, such as the time of the dinner meal, are needed.
